Propolis is a resinous mixture of substances collected and processed from various botanical sources by honeybees (Apis mellifera). We recently obtained Hawaiian propolis, the study of which, to our knowledge, has not been reported. The purpose of this study was to analyze the composition of Hawaiian propolis and to identify its botanical origin. A comparative analysis of Hawaiian and Okinawan propolis and of the glandular trichomes on Macaranga tanarius fruit (the botanical origin of Okinawan propolis) was performed using reversed-phase high-performance liquid chromatography coupled with high resolution-electrospray mass spectrometry. Hawaiian propolis contained nine prenylflavonoids that were also isolated from Okinawan propolis. In conclusion, we suggest that the botanical origin of Hawaiian propolis is M. tanarius, the same as that of Okinawan propolis.
Propolis is a resinous mixture of substances collected and processed from plant buds, exudates, and other botanical sources by honeybees (Apis mellifera). Propolis is used by bees to protect their hives from pathogens and predators, and it has been used as an antiseptic and therapeutic agent by people since ancient times. Propolis is currently used as a health or functional food because of its biological properties, which include antioxidant [1], antibacterial [2] , anti-inflammatory [3] , and anticancer activities [4] . Most propolis is derived from poplar buds, and it is available in various parts of the world. Propolis contains flavonoids and phenolic acids and their esters [5, 6] . On the other hand, Brazilian green propolis collected in southeastern Brazil is the most popular, and contains prenylated cinnamic acid derivatives. The propolis is derived from the buds of Baccharis dracunculifolia [7] . In a previous study, we found that a unique propolis from Okinawa, Japan, contained various prenylflavonoids with potent anti-oxidant activities [8, 9] . This Okinawan propolis was derived from glandular trichomes on the surface of Macaranga tanarius fruit [10] . M. tanarius is found in Southeast Asia, Papua New Guinea, and eastern Australia, and it is a frequent pioneer species in disturbed rainforest areas [11] . Honeybees are reared on a commercial scale in Hawaiian rainforests for the production of honey, and propolis is collected there as a byproduct. However, to our knowledge, the study of Hawaiian propolis has not been reported. We recently obtained propolis collected from Hawaii, and in this paper, we have reported on its chemical analysis and possible botanical source.
Comparative analysis of methanol extracts of Hawaiian and
Okinawan propolis and the glandular trichomes of M. tanarius fruit (MEHP, MEOP, and MEM, respectively) was performed using reversed-phase high-performance liquid chromatography (RP-HPLC) coupled with high resolution-electrospray mass spectrometry (HRESIMS). These extracts generated similar spectral patterns ( Fig. 1 ). In addition, nine prenylflavonoids (propolin A (1), propolin B (2), prokinawan (3), propolin E (4), nymphaeol-B (5), isonymphaeol-B (6), nymphaenol-A (7), 3′-geranylnaringenin (8), and nymphaeol-C (9)), that were previously isolated from Okinawan propolis were identified in Hawaiian propolis by comparing the retention times using the HPLC and HRESIMS data and UV spectra (Table 1) [9] . These prenylflavonoids are present in the glandular trichomes of M. tanarius fruit, while Okinawan propolis is derived from the same part of the plant [10] . Hawaii is considered a rainforest area, and M. tanarius is commonly found there as a pioneer species [12] . Thus, it is thought that M. tanarius is the botanical origin of Hawaiian propolis, as it is for Okinawan propolis.
In conclusion, Hawaiian propolis has the same botanical origin as Okinawan propolis. In addition, Hawaiian propolis can be collected as a byproduct of honey production, although this is currently not being done. It is thought that Hawaiian propolis has the same biological activity as Okinawan propolis and can be used as a food additive and pharmaceutical component. 
Instrument conditions:
The analysis was performed on an Accela liquid chromatographic system (Thermo Fisher Scientific, MA, USA) coupled to a Q-Exactive HR-ESI-Orbitrap-MS (Thermo Fisher Scientific, MA, USA). Data were collected and analyzed using the Thermo Fisher Xcalibur software package. The HPLC separations were performed on a Capcell Pak UG-120 ODS column (150  2.0 mm i.d., 5-μm particle size, Shiseido, Tokyo, Japan). A linear-gradient elution was performed using solution A (H 2 O containing 0.1% formic acid) and solution B (CH 3 CN containing 0.1% formic acid) delivered at a flow rate of 0.4 mL/min as follows: initially, 20% of solution B; for the next 40 min, 100% of solution B at 40°C. The injection volume was 5 μL. The wavelengths were monitored using a photodiode array detector (recording window, 200-600 nm), and the HPLC chromatograms were shown at 270 nm ( Fig. 1) . Acquisitions were performed in the full MS scanning mode at a range of m/z 150-2000 at 70,000 resolutions. The mass tolerance of components 1-9 was detected to 3 ppm.
